whether or not this is the case for various reasons, such as exploring the existence of selection or adaptation factors responsible for fatigue resistance.
Thus, it is of interest to examine whether pilots are somehow considerably more homogeneous than other groups with regard to individual differences in vulnerability to impairment from sleep loss. In the present study, we examined individual differences in the impact of up to 38 h of continuous wakefulness on simulator flight performance and subjective states of fully qualified, active-duty U.S. Air Force fighter pilots. Group average results of this sleep deprivation study have been documented previously (Caldwell, Caldwell, Brown, & Smith, 2004) . Here, we further analyzed the data from that study to determine whether or not this highly select population showed evidence of systematic individual differences in performance changes across time awake. Although there have been debates about how to properly analyze systematic individual differences across time (see Van Dongen, 2005) , there is a substantial, consistent literature on the statistically valid approaches (see, e.g., Burton, Gurrin, & Sly, 1998; Cox & Solomon, 2004; Feldman, 1988; Goldstein, 1995; Khuri, Mathew, & Sinha, 1998; Rao, 1997; Singer, 1998; Van Dongen, Olofsen, Dinges, & Maislin, 2004) . These include mixed-model ANOVA, which is the technique we applied in this study.
METHOD Participants
Ten qualified F-117 pilots, ranging in age from 27 to 43 years (M 5 35.7 years, SD 5 5.7), who were members of the 49th Fighter Wing at Holloman Air Force Base, New Mexico, served as participants. Prior to the study, each participant's medical record was screened for current illnesses or disqualifying medications by the medical monitor or his designee at the Holloman Air Force Base medical clinic. Every participant was in possession of a current up slip (i.e., a U.S. Air Force medical permit to engage in military flying duties) at the time of admission, and each of them was current and qualified in the F-117A aircraft. All the participants were male (at the time, there were no female F-117A pilots).
Only pilots who had been working the day shift (those normally remaining awake approximately from 06:00-07:00 to 21:00-23:00) for at least 5 days prior to the beginning of the study were allowed to enroll. None of the participants was taking any kind of medication known to impact mental alertness (e.g., sedating antihistamines, sleep medications, prescription stimulants). One pilot was a tobacco user; he was allowed to use tobacco during breaks to avoid withdrawal effects, but not during testing sessions. None of the participants were habitual nappers or heavy caffeine consumers.
The experiment was approved by the Air Force Institutional Review Board for the safe conduct of research using human subjects, and all the participants gave informed consent.
Experimental Design
The purpose of the study was to investigate systematic individual differences in performance impairment on a high-fidelity flight simulator during simulated sustained operations (i.e., missions in which sleep deprivation is common). The entire experiment was conducted inside the F-117 Weapon System Trainer (WST) facility at Holloman Air Force Base. Flight performance data were collected with the WST flight simulator and ancillary equipment. Other measures were collected with various laboratory testing devices, which were set up in a sound-attenuated testing room within the simulator facility.
The participants completed three adaptation/training sessions on the day before the experiment. After sleeping at home and engaging in normal waking activities the next day, they came to the flight simulator at 18:00 and were kept awake there until approximately 21:00 the next day. There were five testing sessions, which covered the final 24 h of this period of sustained wakefulness. Only 1 participant was studied per experimental session. See Caldwell et al. (2004) for a full description of all tests and procedures used in this study.
On the training day preceding the experiment, the participants arrived at the simulator facility at approximately 12:30. They were informed about the flight profile to be flown in the flight simulator and the manner in which each simulated flight would be conducted. It was explained that a staff member would sequence the volunteer through each of the flight maneuvers in the flight profile. In order to reduce practice-related improvements during the actual experiment, three training flights were conducted, at 14:00, 17:00, and 20:00. Interspersed among these flights were laboratory tests; the ones reported here are the Fitness Impairment Tester (FIT; PMI, Rockville, MD), the Profile of Mood States (POMS; McNair, Lorr, & Droppleman, 1971) , and a visual analog scale (VAS) of sleepiness adapted from Penetar et al. (1993) . There were three iterations of the POMS and VAS and two FIT evaluations on the training day. Data from the third training flight, from the third iterations of the POMS and VAS, and from the second evaluation on the FIT were considered baseline measurements.
The participants were released from training at approximately 21:00 to spend the night at home. They were asked to wear an Actiwatch 64 wrist actigraph (Mini Mitter, Bend, OR) while outside the simulator facility. The actigraph data were later subjected to automated analysis using the Actiware-Sleep software Version 3.3 (Mini Mitter) to estimate sleep duration during the night after training (i.e., before the experiment) and to assure that the participants complied with requested bedtimes. The participants were instructed to spend 8 h in bed and to wake up no later than 07:00 the next morning. The participants were also asked to avoid napping following awakening, and to refrain from caffeine intake after 10:00.
The participants returned to the simulator facility at 18:00. They stayed awake through the night and into the next day. Every 5 h, starting at 21:00 (i.e., 3 h after arrival in the facility), the participants underwent a series of tests. In each session, they first performed a series of laboratory tests, including the FIT, the POMS, and the VAS. Upon completing the nonflight tests (approximately 2 h after beginning these tests), the participants were escorted into the flight simulator. They were asked to fly a sequence of 13 maneuvers, together taking approximately 1 h to complete. Table 1 shows the flight profile, which was the same for each test session. The participants were instructed to fly all maneuvers at an airspeed of 300 knots, to perform all climbs and descents at a rate of 1,000 ft/min, and to fly all turns at a 30º angle of bank. No performance feedback was provided during the flight maneuvers.
At the conclusion of the flight, the participants were allowed a 2-h break, after which the next test session began. There was a total of five test sessions, conducted at 5-h intervals. Following the last test session, the pilots were debriefed and released after 38 h of sustained wakefulness. They were driven home by a staff member or a family member at the end of the experimental day.
Flight Performance Assessments
The F-117A WST (L-3 Communications/Link Simulation and Training, Binghamton, NY), which is a high-fidelity flight simulator employed by the U.S. Air Force, was used to conduct the flight performance assessments. The WST is a stationary digital device that simulates the characteristics and operations of the F-117A stealth fighter aircraft currently in the U.S. Air Force inventory. The F-117A aircraft is a twin-turbofan, low-radar, ground-attack fighter with a single-seat cockpit. The WST provides a fully functioning replica of the interior cockpit of the actual aircraft, including all primary and secondary flight controls, aural cues (engine sounds), and cockpit lighting. It faithfully simulates the aircraft to the extent that training in the WST is directly transferable in terms of instrument flights, takeoffs and landings, instrument navigation, system operations, and air-to-ground attack procedures. It is typically used as a training tool and as a method for sustaining pilot proficiency in the F-117.
In the present study, only the instrument-flight simulation capability of the WST was utilized. All flights were set up for night illumination conditions with zero visibility and no visible lighting on the horizon. In addition, the WST was set up to generate zero air turbulence with no wind gusts in order to prevent flight-path deviations unrelated to pilot performance. The autothrottle and autopilot modes were disengaged to force all participants to "hand fly" the simulator.
Flight performance skill was assessed using the Coherent Automated Simulation Test Environment (CoASTE) software, which sampled flight parameters at a rate of 2 Hz throughout each of the flights. The specific parameters analyzed for each of the maneuvers are indicated in Table 1 and explained in Table 2 . For every maneuver, root mean square (RMS) errors were calculated as a measure of control variability for each of the considered flight parameters. The RMS errors were computed over the deviations from the assigned flight paths (evaluated at a rate of 2 Hz), thus expressing how much on average each parameter deviated from the target value for the maneuver. To minimize inflation of the RMS errors due to improper maneuver setup rather than increased control variability, all the participants were required to be within 2º of the target heading, 5 knots of the target airspeed, and 20 ft of the target altitude before each maneuver was started.
There were two right 360º turns and five straight and level segments. Previous analyses (Caldwell et al., 2003) had shown that there were no statistically significant differences among these repeated maneuvers. Therefore, the two right turns were combined with each other by averaging the RMS errors within individuals. Likewise, the five straight and level segments were combined by averaging the RMS errors within individuals. In the end, for these two maneuver types as well as the others, there were three RMS error scores (one for each of the three different parameters considered) for every test session (i.e., at 23:00, 04:00, 09:00, 14:00, and 19:00).
Other Measurements
Various nonflight measurements were taken (Caldwell et al., 2004) , including electroencephalography, electrooculography, electrocardiography, an oculomotor test, and a number of cognitive performance tests and subjective evaluations. Only the FIT, the POMS, and a VAS of sleepiness are considered here.
For the FIT-a computerized fitness-for-duty test-the participants were required to peer into a device presenting visual stimuli (both moving and stationary). The device detected changes in pupil size of 0.05 mm or more and movements of the eye of 1º or more, in response to controlled flashes of light and moving light targets. Measures of saccadic velocity (SV), pupil diameter (PD), pupil contraction latency (CL), and pupil constriction amplitude (CA) were calculated. For 1 participant, no baseline data were available for the FIT.
Subjective evaluations of mood and sleepiness were made with the POMS and VAS, respectively. Only the vigor-activity (VA) and fatigue-inertia (FI) subscales of the POMS are considered here. For 1 participant, no POMS data were available for the second test session during the experimental protocol. The two data points that were therefore missing (i.e., one for the VA subscale and one for the FI subscale) did not need to be replaced for any of the data analyses.
The VAS measured subjective experiences as marked by the participants on several 100-mm lines, each of which was anchored at one end with the words not at all and at the other end with the word extremely. Centered under each line was an adjective; here, we report only on the VAS labeled sleepy (slpy).
Statistical Analyses
Statistical analyses were performed using the mixed-model ANOVA (Burton et al., 1998; Feldman, 1988; Singer, 1998; Van Dongen, 2005; Van Dongen, Olofsen, et al., 2004) , which is a technique specifically suited for the analysis of systematic individual differences across time. Every outcome variable was subjected to a mixed-model ANOVA with measurement time as a fixed effect (five Note-Abbreviations are given only for flight parameters analyzed in the present study. levels), participants as a random effect (n 5 10), and a compound symmetry correlation structure (Burton et al., 1998; Van Dongen, Olofsen, et al., 2004) as necessary for variance components analysis (see below). This mixed-model ANOVA was performed using SAS Release 8.02 (SAS Institute, Cary, NC) to assess the overall effect of time using an F(4,36) test. In order to be certain that outcome variables showed a dynamic response to sleep deprivation, only variables for which the effect of time was statistically significant were analyzed further. (Recall that the primary reason for the present analyses was not to document the impact of sleep loss on performance, but rather to explore the extent of individual differences in the vulnerability to performance impairment from sleep loss in a group of highly trained professionals.) A variance components analysis was done by repeating the mixed-model ANOVA and estimating the between-subjects variance ω 2 (systematic interindividual variability) and the within-subjects variance σ 2 (residual intraindividual variability), assuming independence and normality for both. For this variance components analysis, performed using NONMEM Version V Level 1.1 (GloboMax LLC, Hanover, MD), the Laplace method for maximum likelihood estimation was employed. Statistical significance of ω 2 was assessed by means of a likelihood ratio χ 2 (1) test. Empirical best linear unbiased predictors (EBLUPs) for the random effect in the mixed-model ANOVA were plotted to assess the individual participants' overall standings relative to each other.
From the estimated variance components ω 2 and σ 2 , the intraclass correlation coefficient (ICC; Cox & Solomon, 2004; Rao, 1997; ) was computed as a measure of systematic individual variability, expressed as a percentage [ICC 5 100% 3 ω 2 /(ω 2 1 σ 2 )]. The 95% confidence interval (CI) for the ICC was assessed on the basis of a likelihood ratio χ 2 (1) test. Note that the likelihood-based test of statistical significance for the ICC is equivalent to that for the between-subjects variance ω 2 .
The variance components analysis was repeated with the baseline measurement as a covariate, to make it possible to distinguish systematic individual differences in the response to sleep deprivation from individual differences already present at baseline (e.g., due to aptitude differences). The between-subjects variance ω 2 (systematic interindividual variability) and its statistical significance, the within-subjects variance σ 2 , the ICC and its 95% CI, and the EBLUPs were reassessed. In addition, the statistical significance of the baseline covariate was investigated with an F(1,36) test.
In order to compare the magnitude of systematic individual differences in the present sample with that observed in an earlier sleep deprivation study (Van Dongen, Baynard, et al., 2004 ) of a sample of 21 healthy young adults from the general population (around Philadelphia, PA), we considered the VAS of sleepiness. This measure had also been used in the earlier study, but in the form of a nine-point integer scale rather than the 100-mm line used in the present study. To allow for an exploratory comparison of the two samples, the VAS data from the present study were converted to the same nine-point scale. The analyses described above were repeated, both with and without baseline covariate, to estimate the between-subjects variance and the ICC for the converted data. The results were compared with those of the earlier study (Van Dongen, Baynard, et al., 2004) , for which the VAS results are reported here for the first time.
RESULTS

Temporal Profiles of Responses to Sleep Loss
For each of the variables considered in this study, Tables 3 (simulator flight parameters) and 4 (other measurements) show the overall effects of time (F statistics and p values). A number of variables did not show a statistically significant effect of time, and therefore it was not clear if these variables were dynamically responsive to sleep deprivation. Since the purpose of this study was to investigate individual differences in responses to sleep deprivation, only the 19 variables that did exhibit a significant effect of time were subjected to further analyses. For 6 of these variables, Figures 1 and 2 illustrate the temporal profiles of responses to sleep loss for the overall sample (left panels) as well as for the individual participants (center panels).
Individual Variability in Responses to Sleep Loss
For the variables showing a significant dynamic response to sleep loss, Table 5 shows the estimated betweensubjects variance ω 2 (interindividual variability) and withinsubjects variance σ 2 (residual intraindividual variability) with standard errors (SEs), the statistical significance of the between-subjects variance ω 2 (likelihood ratio χ 2 statistic and p value), and the estimated ICC (as a measure of systematic individual variability) with 95% CI. The between-subjects variance was statistically significant for every variable considered, indicating that the participants differed systematically over time for all of these responses to sleep loss. This result held true even after we corrected for multiple comparisons by means of the false discovery rate procedure (Curran-Everett, 2000) .
The ICC expresses the proportion of variance in the data that is explained by systematic individual variability. Theoretically, it can range from 0% (no systematic individual differences) to 100% (perfectly stable individual differences). The ICC values resulting from the experi- ment ranged from 35.6% to 84.9% (35.6%-81.3% for the simulator flight parameters and 60.8%-84.9% for the other measurements). According to published benchmarks (Landis & Koch, 1977) , the ICC values were "fair" (20%-40%) for three variables, "moderate" (40%-60%) for four variables, "substantial" (60%-80%) for nine variables, and "almost perfect" (80%-100%) for the remaining three variables. Even though the 95% CIs for the ICC were relatively wide (owing to the small sample size), these results indicate that, overall, individual differences in the responses to sleep deprivation were considerable. Figures 1 and 2 illustrate the systematic individual differences among pilots by showing the EBLUPs associated with the between-subjects variance (right panels). These represent the pilots' overall impairment levels relative to each other, as derived by the separation of the betweensubjects variance (i.e., systematic interindividual variability) from the within-subjects variance (i.e., residual intraindividual variability) in the temporal profiles of responses to sleep loss (corresponding center panels).
Individual Variability Controlling for Baseline
The analyses were repeated with the baseline measurement as a covariate. The baseline covariate was statistically significant ( p , .05) for 12 of the 19 variables under consideration. Baseline differences affected the overall response to sleep deprivation for at least one parameter of every simulator flight maneuver and for all other measurements except the VAS. Nonetheless, systematic individual differences in the magnitude of impairment from sleep deprivation prevailed. Table 6 shows the reestimated values of ω 2 and σ 2 (with SEs), statistical significance of ω 2 (likelihood ratio χ 2 statistic and p value), and value of the ICC (with 95% CI) for each of the variables that showed a significant response to sleep deprivation over time (note that the effect of time was not altered by the baseline covariate).
When baseline differences were taken into account, the between-subjects variance ω 2 was systematically reduced for all variables-in some cases by an order of magnitude. The between-subjects variance (and thus the ICC) was no longer statistically significant for the roll angle (roll) of the right 360º turn (R360), the indicated airspeed (IAS) of the left 360º turn (L360), and the IAS of the left 720º turn (L720). However, the between-subjects variance remained statistically significant for 16 of the 19 variables considered, even after we corrected for multiple comparisons by means of the false discovery rate procedure (Curran-Everett, 2000) . The statistically significant baseline-corrected ICC values ranged from 25.4% to 64.3% (25.4%-63.9% for the simulator flight parameters and 36.5%-64.3% for the other measurements). These ICC values were "fair" (20%-40%) for 6 variables, "moderate" (40%-60%) for 7 variables, and "substantial" (60%-80%) for 3 variables.
In order to put the magnitude of the systematic individual variability in each of the responses to sleep loss into perspective, the between-subjects SD (i.e., the squareroot of the between-subjects variance ω 2 ) was expressed as a percentage of the range (maximum minus minimum) of the group average response to sleep deprivation over time. Table 7 shows the results for the 16 variables that exhibited statistically significant between-subjects variance after controlling for baseline. The percentages varied around 50% (range, 21%-91%), indicating that the systematic individual variability of impairment during sleep Note-The maneuver/measurement and parameter columns in Tables 3 and 4 are combined here to yield a single abbreviation for each variable. CI, confidence interval.
deprivation, controlling for baseline differences, was almost of the same order of magnitude as the group average level of impairment during sleep deprivation.
Comparison With Healthy Nonpilots
On the basis of the VAS of sleepiness, systematic individual differences in the present sample of pilots were compared with trait individual differences in a sleepdeprived sample of nonpilots studied by Van Dongen, Baynard, et al. (2004) . In the present study, after converting the VAS to the nine-point integer scale used in the earlier study, the between-subjects variance ω 2 was 1.68 6 0.95 (estimate 6 SE) and the ICC was 60%. After controlling for baseline, ω 2 was 1.34 6 0.53 and the ICC was 54%. In the earlier study, ω 2 was 2.15 6 0.87 and the ICC was 69%. After controlling for baseline, ω 2 was 1.03 6 0.47 and the ICC was 60%. The estimated between-subjects variances (and their SEs) are illustrated in Figure 3 . The similarity of the results of the two studies suggests that systematic individual differences in subjective sleepiness due to sleep deprivation were not very different for the pilots and for healthy young adults from the general population.
DISCUSSION
This study demonstrated systematic individual differences in the impact of 38 h of continuous wakefulness on simulator flight performance and subjective states for a sample of fully qualified, active-duty U.S. Air Force fighter pilots. Our goal was not to establish the effects of sleep deprivation on simulator flight performance per se, since this has already been done (Caldwell et al., 2004) . Rather, for outcome variables showing dynamic responsiveness to sleep loss across five measurement times during the last 24 h of a 38-h sleep deprivation period, we focused on quantifying persistent differences among the pilots in terms of their responses to sleep deprivation. This was done using the ICC, which is a valid measure of the degree of systematic individual variability (Cox & Solomon, 2004; Rao, 1997; ). The ICC varied over outcome variables, reaching values as high as 64.3% after correcting for baseline measurements. Thus, depending on the variable at hand, up to approximately two Note-CI, confidence interval. Note-See the text for explanation of abbreviations. * Square root of the systematic between-subjects variance ω 2 during sleep deprivation, controlling for baseline (see Table 6 ). † Maximum minus minimum of the group average response as observed across the period of sleep deprivation.
thirds of the variance was explained by systematic individual differences in impairment levels. The magnitude of the systematic individual differences after baseline correction was considerable, hovering around 50% of the full range of the group average changes from the beginning of the night through the end of the next day of sleep deprivation. In theory, these individual differences could have resulted from enduring state differences among the study participants. However, important state factors were experimentally controlled, including caffeine intake in the hours before and during the sleep deprivation experiment, light exposure during measurements, physical activity and posture during measurements (the simulator environment allowed little variation in these factors), practice effects (the study participants were fully qualified pilots, and a training day preceded the experiment), and demand characteristics (the participants were instructed and trained before the experiment, sequenced through the flight maneuvers, and supervised by an experimenter). It is therefore unlikely that the observed individual differences could be explained entirely by enduring state differences.
The participants were instructed to stay in bed for a period of 8 h the night before the sleep deprivation experiment, and they slept on average 7.4 h as estimated with actigraphy. This amount of sleep would restore the bulk of performance capability after a period of chronic sleep restriction (Belenky et al., 2003) . Yet there were small differences in the duration of sleep during the night before the experiment (the SD for the actigraphy data over individuals was 0.6 h). Even differences as large as 4.1 h daily over 7 days, however, have been shown to exert a relatively small effect on the magnitude of neurobehavioral impairment during subsequent sleep deprivation (Van Dongen, Baynard, et al., 2004) . Thus, any prior chronic sleep loss should not have affected the results of the present study significantly.
Visual inspection of the data (as illustrated in Figures 1  and 2 ) brought to light the observation that in various cases 1 pilot exhibited particularly severe performance impairment during the night of sleep deprivation. This might be seen as an indication that the individual gave up performing to his maximum ability. However, the participant with the greatest impairment was a different person, depending on the outcome variable (cf. Figure 1, right panels) . In each instance, this person's performance profile showed the typical circadian rebound (Johnson et al., 1992; Van Dongen & Dinges, 2000) when wakefulness was maintained into the subsequent day. Considering also that all simulator flights were monitored by an experimenter, it would appear that the cases of severe impairment did not inevitably reflect a lack of effort by the respective study participants, but rather involved true vulnerability to sleep deprivation in specific aspects of performance.
There were substantial baseline differences among the pilots in several simulator flight parameters and in selfreported fatigue. These baseline differences could have resulted from differences in prior state, since baseline measurements were taken on the training day, which was not preceded by experimental control of sleep history, caffeine intake, or other factors potentially affecting task performance and subjective evaluations. In addition, the baseline differences in simulator flight performance may have resulted from differences in flight experience or may have reflected differences in aptitude and baseline cognitive ability (see, e.g., Kane & Engle, 2002) . For most of the simulator flight parameters and for self-reported sleepiness and mood, controlling for baseline individual differences did not eliminate the systematic individual differences during sleep deprivation. Since the baseline period always preceded the sleep deprivation period, however, it is possible that an order effect confounded the baseline-corrected results. Thus, the results in Table 6 should be considered preliminary.
Whether baseline individual differences were controlled for or not, at least part of the systematic individual variability in simulator flight performance and subjective states during sleep deprivation appear to be due to idiosyncratic, trait-like characteristics of the individuals who participated in our study. This is in agreement with preliminary results from a recent Boeing 747-400 simulator study of 6 commercial airline pilots flying at night (Mallis et al., 2002) , and in particular with results from recent laboratory studies (Leproult et al., 2003; Van Dongen, Baynard, et al., 2004) showing that individuals vary systematically in the magnitude of neurobehavioral impairment from sleep loss. The study by Van Dongen, Baynard, et al., which involved healthy young adults sampled from the general population, demonstrated that this variability constitutes a trait, which was referred to as differential vulnerability.
Comparison of the results from the study by Van Dongen, Baynard, et al. (2004) with the findings from the present study with regard to a common outcome variable-a VAS of sleepiness-suggested that the magnitudes of differential vulnerability to subjective sleepiness caused by sleep deprivation were similar for the highly trained U.S. Air Force fighter pilots and the healthy young adults from the general population (see Figure 3) . However, in order to compare the magnitudes of individual variability between different populations quantitatively (i.e., statistically), further research involving direct comparison in a single experiment with objective measures of performance impairment is needed.
A practical implication of the present findings is that significant variations in fatigue vulnerability remained among the fighter pilots despite the demands of their profession. Thus, managers and schedulers need to understand that optimal mission assignments and work/rest schedules cannot be based on traditional, grouped research data, because such averages will paint an overly optimistic picture for some personnel (indicating that they can fly longer missions or sleep less than they actually can) and an overly pessimistic picture for others (resulting in shorter-than-necessary missions for pilots who are capable of flying longer). Similar difficulties would be present in other occupations in which long duty periods and/or shortened sleep episodes threaten to impair operator performance.
This issue could be quite complex if it turns out that individuals' impairment levels relative to each other may vary from one performance measure to another, as was suggested by the laboratory observations of Van Dongen, Baynard, et al. (2004) . The ranking of individuals in terms of the magnitude of their performance impairment varied across outcome variables in the present study as well (cf. Figures 1 and 2 , right panels), and a structured analysis of this matter is currently being undertaken.
In conclusion, the sleep deprivation study on which we have reported here involved simulated real-world operational demands in the form of flight performance on a high-fidelity F-117 flight simulator. Even though the sample size of the study was relatively small (n 5 10), there were multiple statistically significant (i.e., reliable) findings of systematic individual variability in flight performance impairment and other indicators of fatigue among fighter pilots. No evidence was found that self-selection factors had eliminated the differential vulnerability to sleep deprivation for these active-duty pilots. Thus, military commanders should be advised that individual differences may play a significant role in flight performance during sustained operations. Similar considerations apply in other operational environments, such as shift work, in which sleep loss is common and differential vulnerability may be considerable despite possible self-selection mechanisms. The results of this study made clear that the scientific and operational communities' reliance on group data as opposed to individual data can undermine the accurate characterization of factors dramatically affecting job-related safety and performance.
